The methanol extract of the Japanese fern Hymenophyllum barbatum was chromatographed on Sephadex LH-20 and HPLC to give perrottetin H, an acyclic bis-bibenzyl derivative which has been isolated from the liverwort Jubula japonica. This is the first isolation and identification of bis-bibenzyl from the pteridophytes. The occurrence of bis-bibenzyl in both pteridophytes and liverwort is very important in determining the evolutionary ladder of both terrestrial spore-forming green plants.
The bryophytes, which are taxonomically placed between the algae and the pteridophytes, are divided into three classes, the Musci (moss), Hepaticae (liverwort), and Anthocerotae (hornwort) and there are more than 20,000 species worldwide. It is suggested that the bryophytes occurred in Gondowanaland and were distributed in northern hemisphere after this land mass broke up. 1, 2) It is thought that the bryophytes have accumulated bitter and pungent substances which inhibit the growth of microorganisms and provide a defense against herbivores. We have focused on the bioactive constituents [3] [4] [5] [6] [7] and the chemosystematics of liverworts as well as the evolutionary relationship between terrestrial spore-forming green plants and algae using their characteristic chemical indicators. 3, 4, [8] [9] [10] Generally the chemical constituents of the Musci, Hepaticae, and Anthocerotae differ from each other, and the Hepaticae produce constituents very similar to those found in the Phaeophyceae (brown algae). 4, 9) More recently, we isolated ent-sesqui-and dolabellane diterpenoids from the Japanese moss, Plagiomnium acutum.
11)
This evidence shows that some mosses are evolutionarily related to the Hepaticae.
There are two main hypotheses regarding the evolution of the bryophytes (Fig. 1) .
1) The first is the progressive theory, which states that the bryophytes have their origins in the filamentous fresh green algae or a unicellular green alga and that the pteridophytes (ferns) are in turn derived from the bryophytes. The second hypothesis, the reductive theory, regards the green algae as being the ancestors of primitive vascular plants, such as the extinct class Rhyniophytina, from which evolved both bryophytes and pteridophytes. However, no conclusive scientific evidence for these theories has been obtained from paleontology because of the absence of bryophyte fossils. In order to understand the evolutionary stages between the bryophytes and the pteridophytes, we are currently studying the chemical constituents of the pteridophytes. Here we report the isolation and identification of an acyclic bis-bibenzyl derivative from the Japanese pteridophyte Hymenophyllum barbatum and the chemical correlation between this fern and some liverworts. ; calcd for 528.2512). The spectral data of 1 and 2 were identical to those of perrottetin H and its permethylated product, respectively. 12) Perrottetin H (1) has been isolated from the Japanese liverwort Jubula japonica and characterized by spectroscopic evidence.
12) This is the first isolation and identification of a bisbibenzyl derivative from the pteridophytes. The occurrence of the bis-bibenzyl in ferns is significant. Previously, various cyclic and acyclic bis-bibenzyls have been isolated only from the Hepaticae and are recognized as one of the most important chemical markers of the Hepaticae. 4) A number of monomeric bibenzyls, such as lunularic acid (3), its decarboxyl derivative, lunularin (4), and prenyl bibenzyl (6) , have also been found in the Hepaticae and they are also valuable for the chemosystematics of the Hepaticae. 4) It is noteworthy that bibenzyl (5) and prenyl bibenzyl (7) similar to those of 3, 4, and 6 have been isolated from the ferns, Notholaena dealbata, N. limitanea, 13) and Sceptridium ternatum, 14) respectively. These bibenzyls and bis-bibenzyls might be considered to be living chemical fossils that could link the evolutionary stage between the bryophytes and the pteridophytes. It is still difficult to conclude which theory mentioned above better explains the evolutionary processes of the bryophytes, although on the basis of the present results, it is clear that there are significant chemical affinities between some ferns and liverworts in the Jungermanniales, Marchantiales, and Metzgeriales which produce bibenzyl and bis-bibenzyl derivatives.
